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(57)Abstract: 

PURPOSE: To sufficiently bring out an effect of the 
rigid film which is formed on the surface of a metal 
mold and has a wear resistance. 
CONSTITUTION: The surface of the metal mold 1 
using the aluminum alloy material consisting 
essentially of aluminum is activated, then the metal 
element on the surface of the metal mold 1 is nitrided 
to form a rigid nitride, and also the rigid nitride is 
diffused on the surface of the metal mold 1 to form 
the cured layer 1b which is converted to a solid 
solution, and a rigid film 1c is formed on the surface 




of the cured layer 1b. In this way, the rigid film 1c 
reinforcing the adhesion with the base material of the 
metal mold is obtained. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] , 
[Claim 1] The surface treatment approach of the aluminum metal mold for injection molding 
characterized by forming the hardening layer which said metal mold front face was made to 
diffuse this hard nitride, and intercrystallized it while nitriding the metallic element on this 
front face of metal mold and forming a hard nitride, after activating the metal mold front face 
using the aluminium alloy ingredient which uses aluminum as a principal component, and 
forming the hard film in this hardening layer front face. 

[Claim 2] The surface treatment approach of the aluminum metal mold for injection molding 
according to claim 1 characterized by giving the inclination presentation to which the rate of 
nitriding becomes high, so that the hard film is formed by the hard nitride containing one [ at 
least ] metallic element of aluminum and titanium and it separates from a metal mold front 
face to this hard nitride. 

[Claim 3] The surface-treatment approach of the aluminum metal mold for injection molding 
according to claim 1 characterized by to form in a metal-mold front face the non-electric- 
field nickel-plating film which has the low friction nature which distributed the lubricative hard 
particle by plating processing after performing layer hardening processing in which a hard 
nitride is made to diffuse and intercrystallize, and surface hard film formation processing 
which forms the hard film within the same vacuum housing on a metal mold front face. 
[Claim 4] The surface treatment approach of the aluminum metal mold for injection molding 
according to claim 3 characterized by performing hardening processing which irradiates a 
charged particle beam to the non-electrolyzed nickel-plating film which has low friction 
nature. 

[Claim 5] While performing layer hardening processing in which a hard nitride is made to 
diffuse and intercrystallize, and surface hard film formation processing which forms the hard 
film within the 1st vacuum housing on a metal mold front face The activation means using a 
charged particle performs activation on the front face of metal mold, and hardening 
processing of the non-electrolyzed nickel-plating film within the 2nd vacuum housing. A 
gaseous-phase molecule detection means detecting the desorption of the impurity by which 
this metal mold front face was adsorbed at the time of the activation on said front face of 
metal mold within this 2nd vacuum housing, and supervising the activated state on this front 
face of metal mold The surface treatment approach of the aluminum metal mold for injection 
molding according to claim 4 characterized by making it make it transport, without putting said 
metal mold into atmospheric air in the 1 st vacuum housing which performs the layer hardening 
processing and surface hard film formation processing which follow. 

[Claim 6] The surface treatment approach of the aluminum metal mold for injection molding 
according to claim 4 characterized by cooling the metal mold itself with a cooling means while 
it irradiates a charged particle beam at the non-electrolyzed nickel-plating film which has low 
friction nature, and carrying out shock heating only of said non-electrolyzed nickel-plating film 
on the front face of metal mold according to a physical operation of an electron ray, in case 
hardening processing is carried out. 

[Claim 7] The surface treatment approach of the aluminum metal mold for injection molding 
according to claim 4 which irradiates a charged particle beam at the non-electrolyzed nickel- 
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plating film which has lovJ^fction nature, and is characterized by ^Mrming surface flattening 
' processing which carries OTTC sputter etching of the non-electrolyz^nickel-plating film front 

face by which hardening processing was carried out with a charged-particle impact means 
- after carrying out hardening processing. 

[Claim 8] The surface treatment approach of the aluminum metal mold for injection molding 
according to claim 2 characterized by forming the hard nitride which supplies high grade 
nitrogen gas to said metal mold front face, and contains said metallic element on said metal 
mold front face by reactive sputtering while supplying direct current power or high-frequency 
power to the metal target containing one [ at least ] metallic element of aluminum and 
titanium as surface hard film formation processing and performing sputtering membrane 
formation on the metal mold front face in the sputtering operation of said metallic element. 
[Claim 9] In case the mixed ion beam of the argon and nitrogen which were generated by the 
source of a charged particle beam is irradiated at reactive sputtering and coincidence, at the 
beginning The film which uses one [ at least ] metal atom of aluminum and titanium as a 
principal component is formed in the metal mold by which surface hardening was carried out 
by lessening the rate of a nitrogen ion beam. The surface treatment approach of the aluminum 
metal mold for injection molding according to claim 8 characterized by forming a hard nitride 
with the inclination presentation which increased the rate of said nitrogen ion beam and made 
the rate of nitriding high gradually. 

[Claim 10] Surface treatment equipment for enforcing the surface treatment approach of the 
aluminum metal mold for injection molding according to claim 1 characterized by having a 
source of the electron cyclotron resonance mold plasma for forming a hard nitride in a metal 
mold front face using physical / chemical operation of the plasma, and a source of an ion 
beam for making a nitride diffuse and intercrystallize. 

[Claim 11] The plasma analysis means which carries out the monitor of the plasma 
parameters, such as electron temperature in this plasma, electron density, and ion density, 
about the mixed plasma of the argon and nitrogen which were generated by the source of the 
electron cyclotron resonance mold plasma, The mass spectrometer which carries out the 
monitor of the partial pressure of the high grade nitrogen gas supplied at the time of hard 
nitride formation is formed. It is based on the monitor result of a plasma analysis means. In 
the field strength of the generate time of said plasma Microwave power, Surface treatment 
equipment of the aluminum metal mold for injection molding according to claim 10 
characterized by establishing the control means which stabilizes the nitriding conditions at the 
time of hard nitride formation based on the monitor result of said mass spectrometer while 
controlling conditions, such as discharge gas, and optimizing the hard nitride formation to a 
metal mold front face. 

[Claim 12] Surface treatment equipment of the aluminum metal mold for injection molding 
according to claim 10 characterized by establishing the energy analyzer and charged-particle 
detection means which carry out a monitor in order to optimize the exposure energy and the 
exposure of the ion beam of this inert gas at the time of the inert gas ion irradiation 
generated by the source of an ion beam to the metal mold in which hardening processing was 
carried out by the hard nitridation. 

[Claim 13] While forming the cascade shower equipment which irradiates an electron ray all 
over a metal mold front face as an exposure means for irradiating a charged particle beam in- 
the non-electrolyzed nickel-plating film which has low friction nature An armature-voltage 
control means to control the energy optimal amount of the electron ray which establishes a 
maintenance means to hold said metal mold itself by floating, is made to carry out adjustable 
[ of the electrical potential difference impressed to said metal mold ], and this metal mold 
front face receives, Surface treatment equipment for enforcing the surface treatment 
approach of the aluminum metal mold for injection molding according to claim 4 characterized 
by establishing the charged-particle detection means which carries out the monitor of the 
amount of said electron ray in order to set up the optimal exposure. 



[Translation done.] 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION , 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the surface treatment approach of the 

aluminum metal mold for injection molding, and its equipment. 

[0002] 

[Description of the Prior Art] Generally, as metal mold for injection molding, in general- 
purpose resin shaping, the steel system ingredient is used abundantly, and the expensive high 
thing of grade is used like a preharden steel also in these ingredients with resin injection 
molding which requires precision imprint nature, for example. 

[0003] As such a general-purpose resin molding-die ingredient, recently The non-iron light 
alloy ingredient is examined. Especially an aluminium alloy system It has. the advantage that it 
is lightweight, and machinability, such as cutting, can reuse to a good top, or welding 
processing can be performed, and inquires as an ingredient of a molding die which does not 
need precision imprint nature as trial operation metal mold for cost mitigation of metal mold 
manufacture, or development cycle compaction of a product. 

[0004] By the way, in recent years, even if it is in the field of resin (plastics) injection molding, 
an exotic material and the so-called engineering plastics are used increasingly. Then, 
lightweight-izing of the shortening and metal mold of - die making period, ease of shortening 
and reuse of the molding cycle by good thermal conductivity (small metal mold becomes 
possible by reuse processing of big metal mold) if an aluminium alloy system is put in practical 
use also in plastics shaping containing the hard fiber of minerals, such as a glass fiber and SiC 

Considering the advantage of **, it is expected that effectiveness immense for a product 
development or a production line will be acquired. 

[0005] However, even if an aluminium alloy is A7075 material (extra-super-duralumin) the 
surface hardness — Vickers hardness — at most, if it is about 1 50 Hv and injection molding 
of the resin of a glass fiber, SiC, etc. entering high degree-of-hardness fiber is carried out 
The shaping side of metal mold is worn out for a short period of time, and since sagging 
occurs, or resin leaks from a wearing surface, and weld flash occurs in mold goods or the 
quality of mold goods deteriorates remarkably by the change of state of a geometry or a 
shaping side, there is a problem of not being suitable for practical use. 
[0006] According to JP,57-14291,B, JP,59-35771,B, JP,63-303714,A, etc., as one of the 
solutions to such a problem, the metal mold for injection molding it was made to raise 
endurance is examined by what hard-anodic-oxidation-coatings processing (oxide film on 
anode) is performed to the metal mold front face which consists of an aluminium alloy, and the 
hard-anodic-oxidation-coatings film is formed in it for. The degree of hardness of such hard- 
anodic-oxidation-coatings film needs to set thickness of the hard-anodic-oxidation-coatings 
film to 30 micrometers or more here, in order to enable it to bear this metal mold at practical 
use although Vickers hardness has about 400 Hv at the maximum, since it is about 150 Hv as 
the Vickers hardness of the aluminium alloy used as a base material mentioned above. 
However, it is difficult for the thickness control of the hard-anodic-oxidation-coatings film on 
wet process to make the part which gives a mask to the parts (for example, inserting each 
other in part etc.) to which a geometry wants to change, and does not carry out hard-anodic- 
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oxidation-coatings proce^^g when difficult. Furthermore, the apfj^^h of processing a 
surface of metal accordiflPEwet process having also un-arrange^Wnapplicable ], when the 
dimensional accuracy after surface treatment is required (for example, when the dimensional 
change after surface treatment is specified to 5 micrometers or less). Moreover, in wet 
process, the example which used for aluminium alloy system metal mold the composite 
coatings which carried out the distributed eutectoid of a hard particle or the lubricative 
particle in [ other than the conventional electroplating ] non-electrolyzed nickehP plating and 
in a non-electrolyzed nickel-P matrix is also reported (for example, refer to JP.1-1 68407.A 
and JP,63-188022,A). 

[0007] However, in such a plating process, by the surface roughness of a substrate (base 
material front face), the method of pretreatment, etc., the property of the plating film (the 
composite-coatings film is included) changes a lot, and becomes what has difficult control of 
membrane formation conditions, furthermore, nonelectrolytic plating — being related with 
for example, a plating coat — the case of a non-electrolyzed nickel-P coat — the thickness 
— severaMO micrometers — even if it becomes and thickens — Vickers hardness — at 
most — it is about 500 Hv, and it must heat-treat practical and a degree of hardness must be 
raised with the deposit degree of hardness. This heat treatment condition is needed at 400 
degrees C in general for several hours. Incidentally, it is about 700 Hv and carrying out 
precipitation hardening by about 1000 Hv by 400 degrees C and heat treatment of 2 hours is 
known for the non-electrolyzed nickel-P composite-coatings film (nickel-P~SiC) which 
distributed hard particles, such as SiC. 

[0008] However, according to the experiment of this invention persons, with an aluminium 
alloy, for example, extra-super-duralumin like A7075, if 180 degrees C of the base material 
are heated on the conditions which become for 1 hour, a degree of hardness will fall about 30 
to 35%, and if it exceeds 200 degrees C, it will become clear that the fall of a degree of 
hardness becomes remarkable. Therefore, when performing surface hardening to metal mold 
using A7075 system ingredient, it is thought desirable to suppress the process temperature at 
150 degrees C or less. Therefore, even if the non-electrolyzed nickel-P plating film can 
perform wet process (plating process) at low temperature, when processing on an aluminium 
alloy as practical hard facing film, it must be processed on the temperature conditions on 
which the degree of hardness of a base material is not reduced. 

[0009] in addition — as the hardening processing by the dry process over metal mold PVD 
(Physical Vapor Deposition) — the approach of reforming a metal mold front face by law, for 
example, the ion plating method and the sputtering method, is learned with various official 
reports etc. Generally, in these processes, the thin hard film will be formed in a metal mold 
front face with sufficient adhesion. While forming the thin film (hard film) of mu order in a 
metal mold front face by the ion plating method or the sputtering method from ** of the metal 
which has abrasion resistance and corrosion resistance in a shaping side, a metallic oxide, a 
metal nitride, or metallic carbide and producing highly precise metal mold especially according 
to JP,59-1 18419A for example, he is trying to attain reinforcement of metal mold. Moreover, 
according to JP,2-214619,A, by forming the middle coat which consists of cemented carbide 
in the metal mold front face which consists of aluminum, and forming titanium nitride or 
titanium carbide in the front face by the reactive sputtering method, the hard film which 
consists of multilayers is formed in a metal mold front face, and the metal mold surface 
treatment approach to which it was made to carry out reinforcement of the metal mold is 
proposed. 

[0010] In the case of the surface treatment method (surface treatment method) by such 
conventional dry process, preventing change of the geometry of metal mold by thin hard film 
formation, control of a film presentation, etc. can be made easily here. However, since a thin 
film will be formed heating metal mold to the elevated temperature for example, of 300- 
degree-C order in case a thin film is formed in a metal mold front face, if it is in the ion plating 
method and reinforcement falls and becomes blunt also by heat treatment of about 180 
degrees C as for an aluminium alloy, there is a problem that the degree of hardness of the 
metal mold base material itself will fall. Moreover, if it is in the sputtering method, although low 
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temperature treatment i^^iparatively possible, even if it forms ^j^fcard film by about 1-3- 
' micrometer thickness, thwWs a problem which a crack, exfoliatior^R. of the hard film 
generate according to the reasons of the internal stress of a metal mold front face and the 
film differing, and the reason the degree of hardness of the metal mold base material itself is 
about 150 Hv in Vickers hardness. Moreover, it will become cost quantity when taking the 
approach of forming the middle coat which consists of cemented carbide. 
[001 1] incidentally — as a dry process — everything but the above-mentioned PVD CVD 
(Chemical Vapor Deposition) — although there is the hard film forming method by law, for 
example, a plasma-CVD method and a heat CVD method, — processing temperature — 
usually — also coming out — since it becomes 600 degrees C or more, it is not suitable for 
the surface treatment of an aluminium alloy ingredient. 
[0012] 

[Problem(s) to be Solved by the Invention] In order to clarify the technical problem about 
such a conventional technique, the experimental result which this invention persons 
performed is shown in drawing 4 . what coated Samples A and TiN with the thickness of 2 
micrometers for that from which this experiment coated the front face of an aluminium alloy 
ingredient (JIS A7075 system) with the SiC hard particle distribution radio solution nickel-P 
plating film by the thickness of 5 micrometers by the ion plating method — as Sample B 
preparing — the front face of these samples A and B — a continuation load type scratch 
testing machine estimates description (condition) from the field of friction nature, this 
coefficient of friction — according to the result of gestalt observation of marks (striation), the 
following things become clear by scratching. 

[0013] ** In the case of film [ with a thickness of 5 micrometers ], the degree of hardness of 
the film itself is about 350 Vickers hardness Hv without heat treatment in Sample A (SiC hard 
particle distribution radio solution nickel-P plating film). 

** Coefficient of friction of Sample A does not have a big change over a low load to the 
Takani pile, the coefficient of friction mu is about 0.4, and exfoliation of the film produces 
[ the load added to a stylus (scratching needle) ] it at last in 450g. 
** Vickers hardness Hv of Sample B (ion plating TiN film) is about about 1300 in 2 
micrometers of thickness. 

** Sample B has coefficient of friction mu as large as 0.5 also in a low load, and exfoliation of 
the film arises [ the load added to a stylus ] from about 100g. 

[0014] If two kinds of surface treatment coatings like Samples A and B are applied to actual 
aluminium alloy metal mold (JIS A7075 system), in injection molding of the polycarbonate resin 
in which the glass fiber whose Vickers hardness Hv is about 1200 is contained 50% (wtand%), 
the ion plating TiN film will become what has intense exfoliation. As [ lose / completely / 
though it is good and exfoliates / but / the film of the adhesion on the front face of metal 
mold ] (that is, a desquamative state is condensation exfoliation) Although this has the large 
degree of hardness (Hv 1300-2000) of the TiN film, since it is weak, in the case of a thin film, 
a metal mold base material becomes with plastic deformation with resin pressure (since the 
degree of hardness of an aluminium alloy base material is small), and it is considered to be 
because for the crack to have happened. Furthermore, since coefficient of friction of this TiN 
film is large, it is thought that it is for intense stress to occur to the strong impact of the 
glass fiber in resin. 

[0015] On the other hand, although the membranous degree of hardness of the SiC hard 
particle distribution radio solution nickel-P plating film itself is small compared with the ion 
plating TiN film, while the impact of a glass fiber is eased by membranous low friction nature, 
even if it generates the abrasion of a glass fiber with membranous toughness, it is shallow and 
exfoliation of the film is also small. 

[0016] This invention gives the foundation for fully pulling out effectiveness as wear-resistant 
hard film based on such an experimental fact by carrying out hardening processing of the 
metal mold surface by the aluminium alloy. Deformation of a metal mold base material front 
face is prevented so that a stress crack may not arise, even if this wear-resistant hard film 
gets the pressure and impact containing a glass fiber of resin. The adhesion force with a metal 
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mold base material is reMfcf ed by having an inclination presentatf^^for the wear-resistant 
- hard film to a metal mol J| Pe material, Furthermore, it aims at a^^ing the film which has 
low friction nature, and reinforcing abrasion resistance and using this film as practical 
aluminium alloy system metal mold hardHzing and by graduating, further, in order to plan the 
- * friction disposition top of such hard film. 
[0017] 

[Means for Solving the Problem] In invention according to claim 1, after activating the metal 
mold front face using the aluminium alloy ingredient which uses aluminum as a principal 
component, while nitriding the metallic element on this front face of metal mold and forming a 
hard nitride, the hardening layer which said metal mold front face was made to diffuse this 
hard nitride, and intercrystallized it is formed, and the hard film was formed in this hardening 
layer front face. 

[0018] In invention according to claim 2, the hard film was formed by the hard nitride 
containing one [ at least ] metallic element of aluminum and titanium, and the inclination 
presentation to which the rate of nitriding becomes high was given, so that it separated from 
the metal mold front face to this hard nitride. 

[0019] In invention according to claim 3, after performing layer hardening processing in which 
a hard nitride is made to diffuse and intercrystallize, and surface hard film formation 
processing which forms the hard film within the same vacuum housing on a metal mold front 
face, the non-electric-field nickel-plating film which has the low friction nature which 
distributed the lubricative hard particle by plating processing was formed in the metal mold 
front face. 

[0020] In invention according to claim 4, it was made to perform hardening processing which 
irradiates a charged particle beam to the non-electrolyzed nickel-plating film which has low 
friction nature. 

[0021] While performing layer hardening processing in which a hard nitride is made to diffuse 
and intercrystallize, and surface hard film formation processing which forms the hard film 
within the 1st vacuum housing on a metal mold front face in invention according to claim 5 
The activation means using a charged particle performs activation on the front face of metal 
mold, and hardening processing of the non-electrolyzed nickel-plating film within the 2nd 
vacuum housing. A gaseous-phase molecule detection means detecting the desorption of the 
impurity by which this metal mold front face was adsorbed at the time of the activation on 
said front face of metal mold within this 2nd vacuum housing, and supervising the activated 
state on this front face of metal mold It was made to make it transport, without putting said 
metal mold into atmospheric air in the 1st vacuum housing which performs the layer hardening 
processing and surface hard film formation processing which follow. 

[0022] In invention according to claim 6, when carrying out hardening processing, while it 
irradiated the charged particle beam at the non-electrolyzed nickel-plating film which has low 
friction nature, and carrying out shock heating only of said non-electrolyzed nickel-plating film 
on the front face of metal mold according to a physical operation of an electron ray, the metal 
mold itself was cooled with the cooling means. 

[0023] In invention according to claim 7, the charged particle beam was irradiated at the non- 
electrolyzed nickel-plating film which has low friction nature, and after carrying out hardening 
processing, it was made to perform surface flattening processing which carries out sputter 
etching of the non-electrolyzed nickel-plating film front face by which hardening processing 
was carried out with a charged-particle impact means. 

[0024] In invention according to claim 8, while supplying direct current power or high- 
frequency power to the metal target containing one [ at least ] metallic element of aluminum 
and titanium as surface hard film formation processing and performing sputtering membrane 
formation on the metal mold front face in the sputtering operation of said metallic element, 
the hard nitride which supplies high grade nitrogen gas to said metal mold front face, and 
contains said metallic element on said metal mold front face by reactive sputtering was 
formed. 

[0025] In case the mixed ion beam of the argon and nitrogen which were generated by the 
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source of a charged pari^^beam is irradiated in invention accor^Bfco claim 9 at reactive 
" sputtering and coinciden^^t the beginning The film which uses at least ] metal atom 

of aluminum and titanium as a principal component is formed in the metal mold by which 
- surface hardening was carried out by lessening the rate of a nitrogen ion beam, and the hard 

nitride with the inclination presentation which increased the rate of said nitrogen ion beam 

and made the rate of nitriding high gradually was formed. 

[0026] In invention according to claim 10, it shall have a source of the electron cyclotron 
resonance mold plasma for forming a hard nitride in a metal mold front face using physical / 
chemical operation of the plasma as surface treatment equipment for enforcing the surface 
treatment approach of the aluminum metal mold for injection molding according to claim 1, and 
a source of an ion beam for making a nitride diffuse and intercrystallize. 

[0027] In invention according to claim 1 1 , it is related with the mixed plasma of the argon and 
nitrogen which were generated by the source of the electron cyclotron resonance mold 
plasma. The electron temperature in this plasma, The plasma analysis means which carries out 
the monitor of the plasma parameters, such as electron density and ion density, The mass 
spectrometer which carries out the monitor of the partial pressure of the high grade nitrogen 
gas supplied at the time of hard nitride formation is formed. It is based on the monitor result 
of a plasma analysis means. In the field strength of the generate time of said plasma While 
controlling conditions, such as microwave power and discharge gas, and optimizing the hard 
nitride formation to a metal mold front face, the control means which stabilizes the nitriding 
conditions at the time of hard nitride formation based on the monitor result of said mass 
spectrometer was established. 

[0028] In invention according to claim 12, in order to optimize the exposure energy and the 
exposure of the ion beam of this inert gas at the time of the inert gas ion irradiation 
generated by the source of an ion beam to the metal mold in which hardening processing was 
carried out by the hard nitridation, the energy analyzer and charged-particle detection means 
which carry out a monitor were established. 

[0029] While forming the cascade shower equipment which irradiates an electron ray all over a 
metal mold front face as an exposure means for irradiating a charged particle beam in 
invention according to claim 13 in the non-electrolyzed nickel-plating film which has low 
friction nature A maintenance means to hold said metal mold itself by floating was established, 
and an armature-voltage control means to control the energy optimal amount of the electron 
ray which is made to carry out adjustable [ of the electrical potential difference impressed to 
said metal mold ], and this metal mold front face receives, and the charged-particle detection 
means which carries out the monitor of the amount of said electron ray in order to set up the 
optimal exposure were established. 
[0030] 

[Function] The point that the metal mold using the aluminium alloy ingredient which uses 
aluminum as a principal component serves as an aluminum oxide in atmospheric air in 
invention according to claim 1 since activity [ atom / aluminum ], or an impurity tends to 
adsorb is noted. By forming the hardening layer which removed these, could activate this 
metal mold front face again before plasma treatment, was made to permeate and diffuse the 
hard nitride which nitrided the metallic element on the front face of metal mold by the 
nitrization of this plasma, and was formed, and was intercrystallized The hardness of a metal 
mold surface can be raised to about 8 times of own hardness of a metal mold base material, 
and, for this reason, the effectiveness of the hard film for the abrasion resistance formed in a 
metal mold front face can fully be pulled out. 

[0031] In invention according to claim 2, by giving the inclination presentation to which the 
rate of nitriding becomes high, the internal stress of a hard nitride is eased and the adhesion 
of the hard nitride to metal mold is improved, so that the hard film is formed by the hard 
nitride containing one [ at least ] metallic element of aluminum and titanium and it separates 
from a metal mold front face to this hard nitride. 

[0032] Layer hardening processing in which set to invention according to claim 3, and a metal 
mold front face is made to diffuse and intercrystallize a hard nitride, By forming in a metal 
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mold front face the non-^fc:ric-field nickel-plating film which ha 3^fc low friction nature 
- which distributed the lubWBve hard particle by plating processinlWter performing surface 
hard film formation processing which forms the hard film within the same vacuum housing 
Since processing which gives surface low friction nature to metal mold in addition to hard- 
r " ized processing was performed, while exfoliation of the hard film is prevented, abrasion 
resistance also improves. 

[0033] In invention according to claim 4, since it was made /to perform hardening processing 
which irradiates a charged particle beam to the non-electrolyzed nickel-plating film which has 
low friction nature, even if it is the case of the metal mold by the aluminium alloy ingredient 
which can be heat-treated only at the temperature of 150-180 degrees C or less, hardening 
processing by low-temperature annealing can be performed simple. 
[0034] While setting to invention according to claim 5 and performing layer hardening 
processing in which a metal mold front face is made to diffuse and intercrystallize a hard 
nitride, and surface hard film formation processing which forms the hard film within the 1st 
vacuum housing The activation means using a charged particle performs activation on the 
front face of metal mold, and hardening processing of the non-electrolyzed nickel-plating film 
within the 2nd vacuum housing. Gaseous-phase molecule detection means, such as a mass 
spectrograph, detecting the desorption of the impurity by which this metal mold front face 
was adsorbed at the time of the activation on said front face of metal mold within this 2nd 
vacuum housing, and supervising the activated state on this front face of metal mold Since it 
can process without a front face putting the metal mold by the aluminium alloy ingredient of 
activity to atmospheric air since it was made to make it transport, without putting metal mold 
into atmospheric air in the 1st vacuum housing which performs the layer hardening processing 
and surface hard film formation processing which follow and the effectiveness of activation 
can be checked, it becomes what has good effectiveness. 

[0035] In invention according to claim 6, although a charged particle beam is irradiated at the 
non-electrolyzed nickel-plating film which has low friction nature, and a metal mold base 
material carries out shock heating only of said non-electrolyzed nickel-plating film on the 
front face of metal mold according to a physical operation of an electron ray so that the 
degree of hardness may not fall according to a temperature up in case hardening processing 
is carried out, the body of metal mold can prevent the temperature rise by cooling with 
cooling means, such as low-temperature cooling water and a liquid nitrogen shroud. 
[0036] A charged particle beam irradiates at the non-electrolyzed nickel-plating film which 
has low friction nature in invention according to claim 7, and since the surface flattening 
processing which carries out sputter etching of the non-electrolyzed nickel-plating film front 
face by which hardening processing was carried out with charged-particle impact means, such 
as reverse sputtering, in order to raise the surface lubricity is carried out and abrasion 
resistance made plan after carrying out hardening processing, surface flattening and its low 
friction nature of a metal-mold base may raise. 

[0037] At the same time it supplies direct current power or high-frequency power to the 
metal target containing one [ at least ] metallic element of aluminum and titanium as surface 
hard film formation processing in invention according to claim 8 and performs sputtering 
membrane formation on a metal mold front face in a sputtering operation of said metallic 
element Since the hard nitride which supplies high grade nitrogen gas to said metal mold front 
face, and contains said metallic element on said metal mold front face by reactive sputtering 
was formed, the thin film of a hard ceramic system can be formed easily. 
[0038] In case the mixed ion beam of the argon and nitrogen which were generated by the 
source of a charged particle beam is irradiated in invention according to claim 9 at reactive 
sputtering and coincidence, at the beginning The film which uses one [ at least ] metal atom 
of aluminum and titanium as a principal component is formed in the metal mold by which 
surface hardening was carried out by lessening the rate of a nitrogen ion beam. Since the hard 
nitride with the inclination presentation which increased the rate of said nitrogen ion beam 
and made the rate of nitriding high gradually was formed, the adhesion of the hard nitride to a 
metal mold base is improved further. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejue 



2005/06/17 



JP,07-003470,A [DETAILED DESCRIPTION] 



7/13 s<—i> 



[0039] In invention accor^^to claim 10, as surface treatment ec^^fcent for enforcing the 
- surface treatment approa^Pof the aluminum metal mold for injectl^B^oIding according to 
claim 1 Since it shall have a source of the electron cyclotron resonance mold plasma for 
forming a hard nitride in a metal mold front face using physical / chemical operation of the 
- * plasma, and a source of an ion beam for making a nitride diffuse and intercrystallize It 

becomes generable [ low temperature and the high-density plasma ], and what is restricted to 
low temperature treatment like the metal mold by the aluminium alloy ingredient becomes the 
surface treatment is convenient and possible. 

[0040] In invention according to claim 1 1, it is related with the mixed plasma of the argon and 
nitrogen which were generated by the source of the electron cyclotron resonance mold 
plasma. The electron temperature in this plasma, The monitor of the plasma parameters, such 
as electron density and ion density, is carried out using plasma analysis means, such as the 
Langmuir probe. While controlling conditions, such as microwave power and discharge gas, by 
the control means in the field strength of the generate time of the plasma and optimizing the 
hard nitride formation to a metal mold front face Since the monitor of the partial pressure of 
the high grade nitrogen gas supplied at the time of hard nitride formation is carried out with a 
mass spectrometer and nitriding conditions are stabilized by the control means, it becomes 
that by which nitriding treatment was stabilized, and even if the conditions of a metal mold 
base change, optimization of film formation is attained. 

[0041] In invention according to claim 12 In order to optimize the exposure energy and the 
exposure of the ion beam of this inert gas at the time of the inert gas ion irradiation 
generated by the source of an ion beam to the metal mold in which hardening processing was 
carried out by the hard nitridation Since charged-particle detection means which carry out a 
monitor, such as an energy analyzer and a faraday collector, were established Physical 
effectiveness, such as an ion bombardment which is made to diffuse the nitride formed in the 
metal mold surface, and is made to intercrystallize, can be made to perform proper, and it 
becomes that by which nitriding treatment was stabilized, and even if the conditions of a 
metal mold base change, optimization of film formation is attained. 

[0042] While forming the cascade shower equipment which irradiates an electron ray all over a 
metal mold front face as an exposure means for irradiating a charged particle beam in 
invention according to claim 13 in the non-electrolyzed nickel-plating film which has low 
friction nature An armature-voltage control means to control the energy optimal amount of 
the electron ray which establishes a maintenance means to hold said metal mold itself by 
floating, is made to carry out adjustable [ of the electrical potential difference impressed to 
said metal mold ], and this metal mold front face receives, Since charged-particle detection 
means, such as a faraday collector which carries out the monitor of the amount of said 
electron ray, were established in order to set up the optimal dose, it becomes controllable 
[ low-temperature annealing and its annealing condition ]. 
[0043] 

[Example] One example of this invention is explained based on drawing 1 thru/or drawing 3 . 
First, the fundamental surface treatment approach of the metal mold 1 by the aluminium alloy 
ingredient is explained with reference to drawing 1 . an aluminium alloy — an ingredient 
charged-particle impact means, such as reverse sputtering, remove a surface oxide and an 
impurity within the vacuum housing by which evacuation was carried out in metal mold base 
material 1a, and a front face is activated (activation). Subsequently, without breaking a vacua, 
metal mold base material 1a is transported to plasma treatment and a membrane formation 
room, a nitride is formed in the surface of this metal mold base material 1a in the plasma 
which makes nitrogen a subject, and hardening layer 1b is formed in the surface of metal mold 
base material 1a by irradiating further the ion beam which is mainly concerned with an argon, 
furthermore, sputtering — titanium (Ti), aluminum (aluminum), or TiAl — an alloy the nitride 
film of Ti, aluminum, or TiAl is formed in a metal mold base material 1a front face by reactive 
sputtering of the sputtered particles of a metal target, and nitrogen gas. Under the present 
circumstances, hard film 1c which gave the inclination presentation about the rate of nitriding 
by increasing the exposure of a nitrogen ion beam gradually by the source of an ion beam is 
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formed. Then, once metd^^ld base material 1a is taken out in at^fc>heric air, 1d of 
- composite-coatings filmlBlh distributed the hard lubricity partic^^ formed according to 
wet process (non-electrolyzed nickel-Lynn plating), and it puts in in a vacuum housing again. 
Annealing hardening processing by the cascade shower of 1d of this composite-coatings film 
• is performed cooling metal mold base material 1a f and a front face is orthopedically operated 
by sputter etching. 

[0044] Incidentally, for hardening layer 1b, in the structure shown in drawing 1 , 2-3 
micrometers and hard film 1c are [ 1-2 micrometers and 1d of composite-coatings layers of a 
desirable dimension ] about 5 micrometers. 

[0045] Subsequently, drawing 2 explains the example of a configuration of the surface 
treatment equipment for performing the above surface treatment approaches. First, it is 
installed so that it can be open for free passage, while the 1st vacuum housing 2 and 2nd 
vacuum housing 3 had maintained the vacua with the gate valve 4. Near the center in said 
vacuum housing 3, the work holder (maintenance means) 5 which holds metal mold base 
material 1 A downward is formed here. This work holder 5 is a thing of electrode structure 
which holds said metal mold base material 1A in the condition of having floated electrically 
from the vacuum housing 3 (insulation), and it is constituted so that it may connect with RF 
generator 6 of the vacuum housing 3 exterior and high-frequency voltage (RF electrical 
potential difference) may be impressed. This RF generator 6 is having the matching 
equalization circuit included. Moreover, it is carried out to the direct-current bias power 
supply (armature-voltage control means) 7 being [ the vacuum housing 3 exterior ] 
connectable at said work holder 5. Within said vacuum housing 3, such a work holder 5 is 
made to counter, the ground electrode 8 is arranged caudad, and the reverse sputtering 
means (charged-particle impact means) 9 is constituted. 

[0046] Moreover, in said vacuum housing 3, the mass spectrometer 10 which carried out 
slanting arrangement towards the opposite field of a work holder 5 and the ground electrode 8 
is formed as a gaseous-phase molecule detection means, and it connects with measurement 
and the control system 11 of the vacuum housing 3 exterior. Furthermore, in a vacuum 
housing 3, the cascade shower equipment 1 2 which carried out slanting arrangement towards 
the opposite field of a work holder 5 and the ground electrode 8 on the reverse side in the 
mass spectrometer 10 is formed, and it connects with the power source 13 of the vacuum 
housing 3 exterior. Moreover, the faraday collector 14 is formed above this cascade shower 
equipment 12 as a charged-particle detection means in the vacuum housing 3. The liquid 
nitrogen shroud 15 equipped with the pumping system is formed in said work-holder 5 tooth 
back (top face) as a cooling means. In addition, it replaces with the liquid nitrogen shroud 15, 
and you may make it use low-temperature cooling water as a cooling means. 
[0047] In addition, the evacuation system 17 is connected with said vacuum housing 3 through 
the vacuum bulb 16. A turbo molecular pump is used as this evacuation system 17. 
[0048] On the other hand, the holder 21 which holds metal mold base material 1B downward is 
grounded near the center in said vacuum housing 2, it is prepared in it, the electrode 23 for 
targets which is located in this holder 21 lower part, and holds the metal target 22 is formed, 
and it connects with RF generator (or DC power supply) 24 of the vacuum housing 2 exterior. 
Moreover, it unites with a container wall and the source 25 of the ECR mold plasma (source 
of the electron cyclotron resonance mold plasma) in which it was made to arrange aslant 
towards the opposite field of these holders 21 and the electrode 23 for targets is formed. This 
source 25 of the ECR mold plasma is N2 while connecting with the evacuation system 26. The 
gas feed system 28 for introducing the gas feed system 27 and Ar gas for introducing gas is 
connected. These gas feed systems 27 and 28 contain a rate controller (not shown). 
Furthermore, the Langmuir probe 29 made to face all over the opposite field of the source 25 
of the ECR mold plasma, a holder 21, and the electrode 23 for targets is formed as a plasma 
analysis means, and is connected to the measurement system 30 of the vacuum housing 2 
exterior. It turns to such a field and is high grade N<SUB>2. The high grade nitrogen gas feed 
system 31 for introducing is also established. 

[0049] Moreover, the gas feed system 34 and N2 for introducing Ar gas, while the source 32 
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of an ion beam in which made to arrange aslant towards th^fc>osite field of a holder 

- 21 and the electrode 23 wKargets is formed on a reverse side in^Br source 25 of the ECR 
mold plasma in a vacuum housing 2 and the control power source 33 of the vacuum housing 2 
exterior is connected The gas feed system 35 for introducing gas is connected. Above this 
source 32 of an ion beam, a mass spectrometer 36 is arranged in a vacuum housing 2, and it 
connects with measurement and the control system 37 of the vacuum housing 2 exterior. 
Moreover, the assembly with the faraday collector 39 used as the energy analyzer 38 and a 
charged-particle detection means is arranged near [ mass-spectrometer 36 ] this. It connects 
with the measurement system 40 of the vacuum housing 2 exterior as in common [ these 
energy analyzers 38 and faraday collectors 39 ] as said faraday collector 14. 
[0050] In addition, the evacuation system 42 is connected with said vacuum housing 2 through 
the vacuum bulb 41. 

[0051] In such surface treatment equipment, metal mold base material 1 A by the aluminium 
alloy ingredient is first installed in the work holder 5 in a vacuum housing 3, and it is 
5x10~7Torr about the inside of a vacuum housing 3 by the evacuation system 17. Evacuation 
is carried out to extent. Then, Ar gas is introduced according to an argon gas feed system 
(not shown), and it is 10~2Torr. Discharge is generated as extent. Since the work holder 5 has 
electrode structure which floated from the vacuum housing 3 and RF electrical potential 
difference is impressed here by RF generator 6, discharge takes place between the ground 
electrodes 8, and the oxide of the front face (inferior surface of tongue) of metal mold base 
material 1 A, moisture, and an impurity are removed by the so-called reverse sputtering. 
Thereby, let the front face of metal mold base material 1 A be an active state. The condition 
of surface-activity-izing of metal mold base material 1 A at this time is checked by analyzing 
the neutral particle (sputtered particles) by which the spatter was carried out using a mass 
spectrometer 10. 

[0052] Since analysis of the sputtered particles under reverse sputtering is the pressure field 
which cannot use a mass spectrometer 10 directly, it is analyzed with a configuration as 
shown at drawing 3 here. That is, a mass spectrometer 10 is contained in the manifold 43 
which has pore (orifice) 43a, and is attached and used for wall 3a of a vacuum housing 3. This 
manifold 43 is connected with the differential-pumping system 44. Thereby, the inside of a 
manifold 43 is always 10~5Torr. The vacuum is maintained at below and sputtered particles 
come into a mass spectrometer 10 through pore 43a. If dispersoid analysis of the components 
(for example, C, O, H, aluminum, etc.) of the configuration element and water of the oxide 
which the spatter was carried out and seceded from metal mold base material 1 A, and an 
impurity is carried out and surface activity-ization is completed, since aluminum atom which is 
the main element which constitutes metal mold base material 1 A will come to occupy most, it 
can judge easily. 

[0053] Then, evacuation of the metal mold base material 1A is again carried out to a high 
vacuum, and it is transported, without being put into atmospheric air through a gate valve 4 
into the vacuum housing 2 held beforehand at the high vacuum of 10~7Torr extent (especially 
a migration system is not shown). Thus, the transported metal mold base material is set to 1B. 
Subsequently, metal mold base material 1B receives the exposure of the mixed plasma of 
nitrogen and an argon by the source 25 of the ECR mold plasma in this vacuum housing 2. 
This mixed plasma is adjusted so that the mixing ratio of nitrogen ion and argon ion may be 
set in general to 7:3. Nitrogen ion is for the ion nitriding of the surface of metal mold base 
material 1B, and argon ion aims at the shock effect to this front face here. Moreover, nitrogen 
gas is supplied into a vacuum housing 2 from the high grade nitrogen gas feed system 31 near 
the front face of metal mold base material 1 B, and the nitride AIN of aluminum is formed in 
such a plasma exposure and coincidence at the surface of metal mold base material 1B. The 
nitrogen atom in nitrogen gas serves as activity in response to an operation of the ion in the 
plasma and an electron, the aluminum atom of the front face of metal mold base material 1B 
by the aluminium alloy ingredient and an activity nitrogen atom serve as AIN according to 
surface reaction in a non-thermal equilibrium state, and this is because surface reaction is 
promoted in response to the impact of argon ion. A nitride layer is set to about 1-2 
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micrometers by this rea<^^L 

* [0054] In addition, it is si^Kle for the plasma treatment of metal Trod base material IB 

which contains an aluminium alloy ingredient since a temperature rise is not carried out to 150 

- degrees C or more even when not carrying out water cooling of the 100 degrees C or less 
when water cooling of the metal mold base materia! 1B is carried out since the source 25 of 
the ECR mold plasma is used by this example about this plasma treatment. 
[0055] Moreover, the conditions of the nitride stratification by the nitriding to metal mold base 
material 1B analyze the plasma by the Langmuir probe 29 and its measurement system 30, 
and they perform it, carrying out the monitor of the condition. Thereby, it is a quantity of gas 
flow at the time of plasma production (Ar and N2), and N2. Change of the plasma state by the 
flow rate of Ar, microwave power, gas pressure, and magnetic field strength can be known, 
and it becomes controllable [ conditions ]. Furthermore, the monitor also of the partial 
pressure in the vacuum housing 2 of the high grade nitrogen gas supplied by the high grade 
nitrogen gas feed system 31 can be carried out in a mass spectrometer 36, and its 
measurement and control system 37. In addition, since it is not used for coincidence, the 
measurement and the control systems 1 1 and 37 over these mass spectrometers 10 and 36 
are not established separately, but you may make it share them only as one of the two. 
Anyway, formation conditions can be optimized, even if the size of metal mold base material 
1B changes about the nitride stratification of metal mold base material 1B with these monitor 
means or a configuration changes. 

[0056] In addition, in the Langmuir probe 29, the temperature of the electron in the plasma, a 
consistency, the consistency of ion, etc. are analyzable. Since these change the condition at 
the time of plasma production even if the microwave frequency of 2.54GHz and magnetic- 
field-strength 875Gauss have become settled, they are because it is always required to carry 
out monitoring. 

[0057] By the way, in an operation of the ECR plasma using the source 25 of the ECR mold 
plasma, the acceleration exposure of the mixed ion beam of nitrogen and an argon is carried 
out by the source 32 of an ion beam at this metal mold base material 1 B at the same time it 
forms a nitride layer in the surface of metal mold base material 1B. The acceleration voltage 
of an ion beam is at most 2kV, and is usually made into 1kV order here. In addition, when the 
degree of nitriding of a nitride layer is low, an argon ion beam is made to mix the nitrogen ion 
beam of an amount a little, although a nitrogen ion beam is not usually irradiated. Anyway, the 
nitride of the surface of metal mold base material 1B is permeated and diffused inside a front 
face according to the physics and chemical effectiveness of an ion beam, and low 
temperature can realize effectiveness same with carrying out by heat treatment in a non- 
thermal equilibrium process. An ion beam will bear the role which a nitride intercrystallizes 
this surface, and hardens and processes [ reforming ] a surface. 

[0058] Here, since the acceleration energy and the exposure of an ion beam are an important 
parameter which influences such effectiveness, they are detected here by the assembly and 
its measurement system 40 of the energy analyzer 38 and the faraday collector 39 of a 
reflective electric-field mold, and control the control power source 33 of the source 32 of an 
ion beam. For the exposure of 8x1 0~5 - 2x10~4Torr and an ion beam, the nitride stratification 
by the ECR plasma is 10~6Torr, if it is during the nitriding treatment by the plasma and is 
after the nitriding treatment by the plasma under a pressure comparable as it. It is made to 
carry out under the pressure of a base. In addition, as for the assembly of the energy analyzer 
38 and the faraday collector 39, it is desirable to arrange in the location which counters the 
source 32 of an ion beam. 

[0059] after such nitride stratification of a metal mold base material 1 B surface, osmosis and 
diffusion, and intercrystallization processing — Ti, aluminum, or TiAl — a compound — these 
nitrides are formed by reactive sputtering using the metal target 22. Under the present 
circumstances, argon gas is introduced according to the argon gas feed system which is not 
illustrated, and they are 10~2 - 10~1Torr. A degree of vacuum is set up and made to discharge 
by extent. High grade nitrogen gas is supplied and the hard film of TiN, AIN, or TiAIN is formed 
in a metal mold base material 1B front face by 1-2-micrometer thickness by reactive 
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sputtering from the high^fcde nitrogen gas feed system 31 at su^^tiation and coincidence 
of discharge. 

[0060] Under the present circumstances, if these nitrides film is suddenly formed in a metal 
mold base material 1B front face, the film will become easy to separate with the difference of 
r " internal stress with front faces and these nitride film, and the property of the junction 

interface of a metal and a ceramic thin film. In case the nitride of a target element is formed 
in a metal mold base material 1B front face by reactive sputtering at this example, then, at 
first Improvement in adhesion with a base material front face is aimed at by forming 
membranes as film with many rates of a film metallurgy group element with many major 
elements of this metal mold base material 1B front face, the rate of nitriding is gradually 
increased by increasing gradually the amount of a nitrogen ion beam irradiated from reactant 
gas (namely, nitrogen gas) or the source 32 of an ion beam — making — SUTOIKIO — he 
gives an inclination presentation and is trying to form a metric nitride system ceramic coat 
That is, although the source 32 of an ion beam irradiates the mixed ion beam of nitrogen and 
an argon, the nitrogen ion beam in this mixed ion beam is made to increase gradually. An argon 
ion beam acts as assistant ion of a reaction, and it is used here in order to aim at stress 
relaxation at the time of film formation, and promotion of surface reaction. In addition, also in 
this process, the monitor of the partial pressure of nitrogen gas, the acceleration voltage of 
an ion beam, and the exposure of an ion beam is carried out with a monitor means which was 
mentioned above. 

[0061] After performing such surface treatment to metal mold base material 1B, wet process 
performs composite-coatings processing which makes non-electrolyzed nickel-Lynn plating a 
matrix. Boron nitride (BN) or a diamond ultrafine particle is distributed here as a hard lubricity 
particle. The thickness of these plating film is just at most about 5 micrometers. After putting 
in into a vacuum housing 3 again and carrying out evacuation although it has a certain amount 
of degree of hardness and a low friction property even when such plating film remains as it is, 
it is irradiating an electron ray in the shape of a shower to the plating film of the front face of 
metal mold base material 1A with cascade shower equipment 12, and annealing by the 
electron ray is performed. Under the present circumstances, it is good to carry out cooling by 
the liquid nitrogen shroud 15 that what is necessary is to anneal only the plating film of the 
front face of metal mold base material 1 A, so that the temperature inside a base material may 
not rise. Under the present circumstances, metal mold base material 1 A is based on an 
aluminium alloy ingredient, and since thermal conductivity is good, it becomes the large thing 
of the cooling effect. Since an electron ray spreads round the crevice of metal mold base 
material 1 A etc. and it enables it to also control the energy of an electron ray at this time, in 
this example, connection with a work holder 5 (metal mold base material 1 A) of bias DC power 
supply 7 is enabled. The monitor of the dose of such an electron ray is carried out to the 
faraday collector 14 by the measurement system 40, and it should just perform conditioning. 
[0062] Argon ion performs sputter etching after the annealing treatment by such electron ray 
using the reverse sputtering means 9 within the same vacuum housing 3, surface roughness of 
the composite-coatings film etc. is improved, and lubrication and low friction nature are pulled 
out. 
[0063] 

[Effect of the Invention] The point that according to invention according to claim 1 the metal 
mold using the aluminium alloy ingredient which uses aluminum as a principal component 
serves as an aluminum oxide in atmospheric air since activity [ atom / aluminum 1 or an 
impurity tends to adsorb is noted. Since the hardening layer which removed these, could 
activate this metal mold front face again before plasma treatment, was made to permeate and 
diffuse the hard nitride which nitrided the metallic element on the front face of metal mold by 
the nitrization of this plasma, and was formed, and was intercrystallized was formed The 
hardness of a metal mold surface can be raised to about 8 times of own hardness of a metal 
mold base material, and, for this reason, the effectiveness of the hard film for the abrasion 
resistance formed in a metal mold front face can fully be pulled out. 

[0064] Since according to invention according to claim 2 the inclination presentation to which 
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the rate of nitriding beco^^high was given so that the hard film j^^formed by the hard 
- nitride containing one [ a^Pist ] metallic element of aluminum an^Bfenium and it separated 
from the metal mold front face to this hard nitride, the internal stress of a hard nitride can be 
eased and the adhesion of the hard nitride to metal mold can be improved. 
[0065] Layer hardening processing in which a metal mold front face is made to diffuse and 
intercrystallize a hard nitride according to invention according to claim 3 F By forming in a 
metal mold front face the non-electric-field nickel-plating film which has the low friction 
nature which distributed the lubricative hard particle by plating processing, after performing 
surface hard film formation processing which forms the hard film within the same vacuum 
housing Abrasion resistance can also be raised while being able to prevent exfoliation of the 
hard film, since it was made to perform processing which gives surface low friction nature to 
metal mold in addition to hard-ized processing. 

[0066] Since it was made to perform hardening processing which irradiates a charged particle 
beam to the non-electrolyzed nickel-plating film which has low friction nature according to 
invention according to claim 4, even if it is the case of the metal mold by the aluminium alloy 
ingredient which can be heat-treated only at the temperature of 150-180 degrees C or less, 
hardening processing by low-temperature annealing can be performed simple. 
[0067] While performing layer hardening processing in which a hard nitride is made to diffuse 
and intercrystallize, and surface hard film formation processing which forms the hard film 
within the 1st vacuum housing on a metal mold front face according to invention according to 
claim 5 The activation means using a charged particle performs activation on the front face of 
metal mold, and hardening processing of the non-electrolyzed nickel-plating film within the 
2nd vacuum housing. Gaseous-phase molecule detection means, such as a mass 
spectrograph, detecting the desorption of the impurity by which this metal mold front face 
was adsorbed at the time of the activation on said front face of metal mold within this 2nd 
vacuum housing, and supervising the activated state on the front face of metal mold Since it 
was made to make it transport, without putting metal mold into atmospheric air in the 1st 
vacuum housing which performs the layer hardening processing and surface hard film 
formation processing which follow Since it can process without a front face putting the metal 
mold by the aluminium alloy ingredient of activity to atmospheric air and the effectiveness of 
activation can be checked, it can consider as what has good effectiveness. 
[0068] According to invention according to claim 6, a charged particle beam is irradiated at 
the non-electrolyzed nickel-plating film which has low friction nature, in case hardening 
processing is carried out, a metal mold base material carries out shock heating only of said 
non-electrolyzed nickel-plating film on the front face of metal mold according to a physical 
operation of an electron ray so that the degree of hardness may not fall according to a 
temperature up, but since the body of metal mold was cooled with cooling means, such as 
low-temperature cooling water and a liquid nitrogen shroud, the temperature rise can be 
prevented. 

[0069] Since the charged particle beam was irradiated at the non-electrolyzed nickel-plating 
film which has low friction nature, surface flattening processing which carries out sputter 
etching of the non-electrolyzed nickel-plating film front face by which hardening processing 
was carried out with charged-particle impact means, such as reverse sputtering, in order to 
raise the surface lubricity is performed and abrasion resistance was made plan according to 
invention according to claim 7 after carrying out hardening processing, surface flattening and 
its low friction nature of a metal-mold base can raise. 

[0070] At the same time according to invention according to claim 8 it supplies direct current 
power or high-frequency power to the metal target containing one [ at least ] metallic 
element of aluminum and titanium as surface hard film formation processing and performs 
sputtering membrane formation on a metal mold front face in a sputtering operation of said 
metallic element Since the hard nitride which supplies high grade nitrogen gas to said metal 
mold front face, and contains said metallic element on said metal mold front face by reactive 
sputtering was formed, the thin film of a hard ceramic system can be formed easily. 
[0071] In case the mixed ion beam of the argon and nitrogen which were generated by the 
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source of a charged parti^^beam is irradiated at reactive sputted^fcnd coincidence 
- according to invention al^Ring to claim 9, at the beginning The ll^R^hich uses one [ at 
least ] metal atom of aluminum and titanium as a principal component is formed in the metal 
mold by which surface hardening was carried out by lessening the rate of a nitrogen ion beam. 
Since the hard nitride with the inclination presentation which increased the rate of said 
nitrogen ion beam and made the rate of nitriding high gradually was formed, the adhesion of 
the hard nitride to a metal mold base is further improvable. 

[0072] According to invention according to claim 10, as surface treatment equipment for 
enforcing the surface treatment approach of the aluminum metal mold for injection molding 
according to claim 1 Since it shall have a source of the electron cyclotron resonance mold 
plasma for forming a hard nitride in a metal mold front face using physical / chemical 
operation of the plasma, and a source of an ion beam for making a nitride diffuse and 
intercrystallize It becomes generable [ low temperature and the high-density plasma ], and 
what is restricted to low temperature treatment like the metal mold by the aluminium alloy 
ingredient can perform the surface treatment convenient. 

[0073] According to invention according to claim It, it is related with the mixed plasma of the 
argon and nitrogen which were generated by the source of the electron cyclotron resonance 
mold plasma. The electron temperature in this plasma, The monitor of the plasma parameters, 
such as electron density and ion density, is carried out using plasma analysis means, such as 
the Langmuir probe. While controlling conditions, such as microwave power and discharge gas, 
by the control means in the field strength of the generate time of the plasma and optimizing 
the hard nitride formation to a metal mold front face Since the monitor of the partial pressure 
of the high grade nitrogen gas supplied at the time of hard nitride formation is carried out with 
a mass spectrometer and it was made to stabilize nitriding conditions by the control means, 
even if it can stabilize nitriding treatment and the conditions of a metal mold base change, 
optimization of film formation is attained. 

[0074] According to invention according to claim 1 2 In order to optimize the exposure energy 
and the exposure of the ion beam of this inert gas at the time of the inert gas ion irradiation 
generated by the source of an ion beam to the metal mold in which hardening processing was 
carried out by the hard nitridation Since charged-particle detection means which carry out a 
monitor, such as an energy analyzer and a faraday collector, were established Even if it can 
make physical effectiveness, such as an ion bombardment which is made to diffuse the nitride 
formed in the metal mold surface, and is made to intercrystallize, able to perform proper, and 
it can stabilize nitriding treatment and the conditions of a metal mold base change, 
optimization of film formation is attained. 

[0075] While forming the cascade shower equipment which irradiates an electron ray all over a 
metal mold front face as an exposure means for irradiating a charged particle beam in the 
non-electrolyzed nickel-plating film which has low friction nature according to invention 
according to claim 13 An armature-voltage control means to control the energy optimal 
amount of the electron ray which establishes a maintenance means to hold said metal mold 
itself by floating, is made to carry out adjustable [ of the electrical potential difference 
impressed to said metal mold ], and this metal mold front face receives, Since charged- 
particle detection means, such as a faraday collector which carries out the monitor of the 
amount of said electron ray, were established in order to set up the optimal dose, control of 
low-temperature annealing and its annealing condition can be performed. 



[Translation done.] 
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(2) 

1 

[MM i ] 7;^^A^5^t57Mr^ 

[MM 2] MK*7^5^">Afcf t *>i©*ft 
- £T*mm 1 IB^cd 

[mm 3 ] &mmsizmm&{tm&&WL - 
s^sjiafciaad:. ajtRs^js-rfcaarawR*/* 

£»«fcf*MM l t2«©ftmj*^ffl7;V5n^A^ 
& 21 £ t-T SMM 3 B«©»ttidBttB7fl'5 - 

ts&zm&fcmmti* MM*»*f**M*»M»* 

Stt^&ffi V»fc»ttflS*Rfc «k OS 2 OHffi*»P»3Tff 

V\ E(D*2©K2*8rtT©t»E&fi*ffi©Stt^ 30 

Jii3tt<»«a j &-6J:'5fcbfcc:t*«r«t"r*M*SI 

[MM 6 ] ffi^iStt &*rr s ^m*&~ .y o 
E«©i»fli«^7^$^^A*a!o*Hjaa^tt. 

[MM 7 ] fiflSjSttWnM^y^M^t 

RK£Dx/^^x?y^>yi"&Sffi¥fi^s£fT5 

£ 5 K b fc ci t 4 ER<0l*iH Jft£ffl 

[MM 8] SliliMItLT, 7^5=9 



$£H¥7 - 3 4 7 0 

ftRfcfrifcPWfc. IMEAffl*M«c*ie*ai*»X* 
«ttbTK*ttX;t 2/ * U >£f lei 0 fiHB&SS&ffifcitt 
E*R5c***traMfl«ft»J5tra «fc 5 fc bfc £ i 

aeRRwaatfe. 

[MM 9] tt*tt?£-ARfc£9T±jS3*lfe7 

»«"T*ck 5 UcCi: S»«tt5«*fl 8 E«Ol* 
[MM 1 0] *aSBl:^5Xvo«l« ■ ft*B 

f^ffl * mm l TRRRib* & * »o«w-f * 

«MM 1 E«©»iB*»«7*5n*AARoaHHfi 

[mm 1 1 ] m^-iM * d h d >^mm^^x^m 
i,xz:<D^^x^^(Dm^mm. «t«r. ^*>®bz 

CO ^ - * S ^€ jftE ^ 7 X V CD ±*B9 CE)8M 

^® \ztt? *mm&towm&*mmc* s 1 1 * ic me 

SMMl 0B«O«ffllSM7;i/5-«>A4i!©M 

[mm i 2] sssftttMia r>mam^*nt 
&M\ztt^*^*>\f-j>m\z£*)&j&2ftttm&% 

[MM i 3] tt»«tt*«-r<&*«*f=y^;n&o 

^RfcW«» J Pt-ASRSrr-&3t*ORIt*Ri: IT 
ARRR^MlcRTRftRlrt-S'RT^ir ^-^M^tS 

^RftRit. ME*RfcBi»rr*«aE*TOa*TE:o 

Sffifflffll^Ri:, RRRttR^Rtt-r^feAICttER? 
R©***r:^"r*««ttT3|(kU*Rt&R»fcc:fc* 



3 

[0 0 0 1] 
[0 0 0 2] 

[0003] z<D£*>itvimittmf&mm&&ttiftt.is 

So 

[0004] tu^T, ffi^-ctt, ttc & s ??&v9 

[0 0 0 5] tCW, T^^^^A^It A7 0 7 
fc?5/*-^«KWHv 1 5 OgSTfcO, -n^TM 

<0AK3^*i/<fiT-r<&oTr*«icias3^^tv>'5MH 

[0 0 0 6] COJ:3ftWIBIC5»^**»lK©"-^tb 
T, #^BS5 7 - 1 4 2 9 1*»2»R. »4iW5 

9 - 3 5 7 7 #B1B8 6 3-3 0 3 7 1 4^4i 



(3) #58^7-347 0 

^A^(0liy*-X««*«iaab&,k5fcHv 1 5 0 

r^tb\z\t. wmt/u^ bm<omm*3 oitmsk±tzrr 

L*>U «S7;W-f hKcoK^aWH 
¥1 - 1 6 84 0 7#^«[, ttB§0B6 3- 1 8 8 0 2 2 

a? [0007] l-t^u £<D«fc3fc*otr:/n-fex-ctt. 

mt^DIK btt)lfy*-^WIOT**H v 5 0 0 

30 tC, S i C*C0«Ra : f-€»*S-&&*«*N i - 

(N i - P - S i C) TliHv 7 0 OSST 
. 4 0 Ot:, 2»MCD}l6«i31foa:OHv 1 0 0 OS 

[0008] t^5^ **^#s©*B«c«kntf> y 

^5Z^A^, 0IX.KA7 0 7 SO&otem*!?^ 

>W5 >tw©«a& i 8 o "C, i m^^^M^ 

t5t, lS^3 0-3 5XSSfiTU 2 0 0t;£j& 
So «toT, A 7 0 7 5*«»££SlC«JBLTSffiB! 

SNi -Pfcottglte. b^O-trX 0fco€:/D 

[0 0 0 9] ^MlC^TSH^-f^a-feXlCJ: 
6lMItl/T, PVD (Physical Vapor Deposi 
Hon) MtL\& -1*>7U-7-<<>>f& J £*rty* 
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(4) 



7-3470 



£o + «^«4»WB5 9- 1 1 84 1 9^&fgk: 

JRIKflsttK AJRSgft** A* & jx 3-— 

V><5 0 #I8¥2 -21461 9^*JC«fcn«, 

0 >ft WMMfc^* Z. £ tCcfc 0 & 

[0 0 10] ddK, rflD^a^ttJfcOH^-f ^D-feX 
Zmfc-tZ ZL £ \Zf£Z>ft#>, Ji^-^A^ttl 8 o 

Hv 1 5 0i*T»5tV^&a*l:J:0, ^®^CD^ 

[0 0 11] F^-T^ni^tLTte, ±15 

(DPVDfe<Di&\Z. CVD (Chemical Vapor Deposi 
tioo) ft, 08*fck ^XTCVD^CVDSi^ 

[0 0 12] 

» (J I S A70 7 5*) <D0ffi\ZS i CflERtt^ 



[0013]® V>7)VA (S i C«Xtt7d1RM 
m2 5 m0iO«^Ti;y*-XSSH v 3 5 Ogg 
© A ttff2*&X«r2lctto 

0. X^-f^X «log#fl-) KlinA*«fS#4 5 0 g 

JP2 umtliy*-^ltHv«t»l 3 0 0 5gftT& 
*. 

5<h*#<, x^^icftiL&ttSftti o o gSS^ 
[0 0 14] a, B<o«t5ja:2as©sMa:« 

>^^^coT^an^A^^H (J IS 
A7 0 7 526) fcjBfflf*^ tfs/*-X««Hv3^1 
2 0 0 8«©»77«t*«5 0% (w t • %) AoT^ 

ROM (Hv 1 3 0 0-2 0 0 0) fitV> 
Z<DT i NRC0*»«ft3^**Vifc«», ®m*<DX^7s 

30 &&<o&\,*&m\zttvxm\s^fejj&&±?zrc&T?& 
[0015] —is, s i cmtt^tt«**N \ - p 

[0 0 16] *58Wtt* ^oi^^^MMi:!^ 

50 [0 0 17] 
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7 

&JBV>£&ffl*iB£Sttflsbfc«, £CD&^S»£&M 

/Co 

[0018] «3fc«2E«©5Mra;k rmbs^i^ 

[0 0 19] i»*JR3E«<D*9aT«, AaMRKRK 
gft;^£&ft • HSM^SBSMlt, 

[0 0 2 0] B*3B4E«<3D«WT», 6#SttSft 

-x ^r;W8g> -s> If- A * rift * 

mtwm*m-& 5 \z bfc. 

[0 0 2 1] MasetoimTtt MSit^i 
fc. 

[0022] MsMiGEttoxnTMu te*att^^rr 

[0023] i*i7Ei^*cn fi**tt€4rr 
£ iti- s/ o §?R tr - a * r» b r 

®£^® £«f ilif«*t c J; o v & x * j- >#-r 

[0 0 2 4] §S^8e«O^T(t «b«xrt&jk 

& ft ie b tweaks* v>x/\y#v> ?<?m t& 

lei D89E*ffl«BfcWE^JIl7c***tr««aft;I«* 
AWT** 5 fcbfc. 



(5) 4*W¥7-347 0 

[0025] a$i9gB8(o^Tft ^rme^tf-A 
m\z£^x3ifci£nzi7)\'3>h&mtv>m&<i*>¥ 

£a«KK?«£j&&&T*R£?MbU ME 
«»-f ^>tf-A©«^€itbTaft;***< bfc«& 
ffiric&^SSSftsKSr^^rS «fc -5 tC bfc. 
[0 0 2 6] M^l 0E«©»9BTH a^llHi 

sfc8e>©*Mfflas«ibT, ^m^mic^x^^ 
aw . ft*wfffflfefijfflbT««»bft*»«G-r*fc«e) 

[0 0 2 7] llBiO^TIl *D 

*£©E^;/^XvlcilbT£<&:/^Xv*(D«^i& 

SR^ ^^XvjBffir^KtD^n^ttafca^WE^' 

*0*fr&MllbT*S!«ffifcS*T*W**ftl«»J«fe 
*aftr*fcfctifcttEII*»«rlH-<o^*«*lcK^ 

£Rtffc. 

[0 0 2 8] M3&£1 2E«©«WTlt 
A ck 0 RftfflS $ nrc^ JCWT * -f * > f-AIC 
30 cfc 0 £ j£ 3 nfc^Stttf X -f * > J!B»PS co d £>^te# 

T«m*RftR»*fc- 

[0 0 2 9] M«3il 3E«©»WX?tt* ttMttt** 

5fc»(Dl»*R4: bT&Stf*ffi:£aiC«^£Mlfr 
*«?->^»7-fiRSrR»t*tt*>fc, fflrE&ffi&#£ 
#»ttRT«J#T*«#^R£RW\ ME&HfcBHiirr 

* «fiE c ^ $ it t ji o*aai#a w s t^i©x^ 

40 ^*-*Mft«fpr»«EE«lP*Ra:, ^^MMS: 
Rft^S&aftlcttBR^oRft^-^-rftWRtt^R 

m^RtftRjtfc. 

[0 0 3 0] 

R*3HlE*oa5Mfc*V>Ttt, T;U5-^A 

;P5-^AM^«tt»:^86*a*TRft;7^az:^A 
t^ofcD5F«*^»»b^r^jftfc»BU -tlb^r 

»*bT^^x^«ai»ic^o*a!*RfeHtflSttftT 

C©^^Xv<oaflsff^lC<fc0*a*K<D*JR5c* 
50 S*YbbT«ftbfc««SflS«*«a ■ J£^$i±T@^ 
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[oo3i] m&m2w.m<D&m\z&^T\^ &mm& 

^in§g^$^< Z. 

[oo3 2] m&m3mm<D&mtz&^T\z. &m&m 

rtTfT^fc^ &mmm\z&^&mm\z&r)ffimtimn 
^m^fct*^^* &mzwmt&mzMx.~c^M 

[0 0 3 3] ^^4f2^^tC^5^T^ ife^tt 
£ 5 v *r)U&^ gmzffim&T t* — A £ JJB 2? 

St-r^SE^S^SST^^tCbfcO-C, 15 0 — 180 

[0034] m*msm®,<D&m\z&\,*x\$. &mmm 

[0 0 3 5] B#«6E*o»WK:*^TH figsSte 
m&isrFTz z. 5 K&ffl*B<BtiE*«#~ 

[0 0 3 6] B*J9l7E*©*WK:*ViTtt, ffi*8H£ 
% * dr/P* -3 WMHP fc* — A £ fig 



- 3 4 7 0 

10 

[0 0 3 7] MM8E*<DfMBfc:feV>TfcL *rBSER 

&m&mti & ««i/TiJE*Ji5c*ox^ * * u >^ 
E*fflaffi^w««a*»^ s«»i/TE*tt^^ * * 

U >^lc£ 0 ttE&S*WK«ne£JR7C**$tr««* 
[0 0 3 8] MM9E»©»Wfc*5V>TH:* IfflSLT 

¥-&m\z&^x4i&2n%:7)vzr>t$im£<Dm&'f 

@^Si$n^^^7;P^ri^A<i:^^>i:^^< 
Id, t»Eft*-f ^ > A bT»t*SK< 

[0 0 3 9] MMl 0E*©«^fc^UTtt> MM 

i E*o»ta*^fflT;v5=:^A^s!o*wja3s*s& 

Sfcfcore-iM #o hn>#6^:/^Xvai£, ^ffc 

[0 0 4 0] t«Rl lEMOSKWK^V^Ttt, MW 
^E-^U fl»^ai:J;-3TX7X70^©«sa 

[0 0 4 1] SMI 2E«058flfc*^TH ^St^ 

As* * o wbflra $ nfc&g ic *#*r s * > 
&mz£D±&tznfz^&x*^*>m$t&<nz<D^ 
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[0042] m#mi 3am<omi\z&\e*x\*. &m» 
&&mT*mmm^y*)v#>'o2Wzffi9j&tt-j*& 

JMtTSfcfc©JM**Rfc bT^aaEW^UHcW^** 

So 

CO 0 4 3] 

tib^ts. £*r> 7;i^~^A^&*mtc<ts&^i a? 

JjBSfTS - ttf*ffl*» 1 a OtElCniJ 1 b 

t§ e 3 SIC, Xyt^^ , J>^IC«t05 1 ^> (Ti) , 30 

7J^Z^A (Al) , *Vi|i, TiAl^^I 

^'U>jf(cJ:QAaSttl aSVIic, Ti, Al*wa 
T i A l <Dafc*J»&^J*t"S. -f *>lf— A 

<fc K> ^m^f * > If- A CDflg««***fc»T 21 £ "C 
fifft*fcMLT«ttia«*»fc'&fcW»R 1 c &J^rtT 
So — £, ^IXttl a€*«*fc«tfflbTC7 

[0044] m i\z^rmm\z^x. m& 

v^mt* witmi b#2— 3 Mm, igggKic^i 

— 2 Mm, *H 1 ddJ 5 /im8*T»S. 

[0 0 4 5] OViT, ±EOj:5^*Hffla^ftSff5 

i\ Sl©X£*«2£»2©X£*S3£#y-h/t 



W7-347 0 

ttHsnrn*. »E*ffi*S3rt<D+*«is 
fctt^saw i A*TiRi*fc«»rsy-^*;v^ (« 
5#Rtts*vo>*. c<z>y-^^;i/^5«t(r 
e&i«# i a £Xffi#g 3 z>m&mz¥m <&m 
*nfc««T«»ra««ija©'b©T*D, xa«s 

3*|-«©3B«*«»6te»|«**lTK«*mBE (RFt 
JE) &B«iPb»SJ:^fc«fifc$nTli*. £<Z>iftMHt' 

fc, RB7-^*^5ter«**»3*V«"ClfiC»t-f 

ffiEX£&S 3 rtT^eico «k o 5 ic** ift 

[0 0 4 6] ^W§i3fil:[J7-^W 

5 t7-x«8 to»ift«l:«ttTl«a*tt 
M4MWU Oa^Mi^TttU^R^UTRIt&tU X 
ffl*»3n«©»«-lMfP*l lfc«K*nTVi*. $ 
6 fc, SS^tS 3 rtKkmS#$m 1 0 fcHa6tf-f HT? 
»7-^*;^ 5 t7-XtS8 to#ft(B«i:m»T# 

«3*HBO««l 3K»3K^nr^4. 
3 Mz^^X^CDM'f'zy^U-^m 1 2(DJt^^«^T 
5^-3 1^* 1 4*t««tt^Rffl*RtLTR«*6n 
TV>*. fflS^-^^MB*! (±ffi) fcfcMftSMRfc 
K 1 5 jWfrSl3«£LTRtt5 

nrv>s. &*5, «flca*>'3.^!>Fi sfcft^T, fi 

fi»Si**?&ai^RtbT«Vi«J:5JcbT'bJ:^. 
[0 0 4 7] fc*, «TE*^««3fcttX^n;^l 6 

So 

[0 0 4 8] StEXS*«2rtO**W5Bfctt4fe 

SSfli B£Tfa€rfc«#^**;i^2 i#7-xstr 
Ti£ttS>n> lT*fcttRbT*R^— 

y h2 2&##-rs^— h jams 2 3*«R»en, 
sc^S2^6Soss^»mai ouulwm) 24M 
ttsnr^s. c:n^co^;i/^2 1 t^-y^ h 

««ffi2 3 t©»rtJ««^lftttT»«)lcERS1i:fcEC 

JD 2 5*f*»««K— <Wfc*nTRH-6nTVi*. C 
CDECR^y^XTi®2 5ttXffi#a*2 6iC»«$n 
TV^St^^te:, N 2 ^X^A-TSfci^co^X^A^ 
2 7^>A r «^$»At?)fc«>O^X«A* 2 8^I« 

$nrv>So e:ne»^^X2jiA^2 7, 2812KSM* 

2 5 2 1 t^-y^ hffl^ffi 2 3 to 

»^«*tca^-&fc^>^5 3.r^ r D-^2 9*t^ 

N 2 *WA"Tafcae>OK»BBffl*»X»A*3 lfcRtf 
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[0 049] S^S2^{C^ECRM^^XV 
M2 5 fcteig-iM KtiT*;i^2 l <h^-yy hJEmS 
2 3 tO»ft««fcrt»T»8&lcBeSSttfc<*>lf- 
AS 3 ZifiWtftbtU Xa*8 2ttffl©M««iB3 3# 

X^3 4W 2 #*£*A-r*fc«><0;tfX*A*3 

£<DR*#ff»3 6ttiSfc«U X*jl*F-5MM3 
8 M«Sf«lfl¥Rta:577 :7:r-n ^^39t 

#Tg3 8i:775f-3^^3 9iH 
-31/^^1 4t*afc, X£*«2#«<0§rW*4 0 

[0 0 5 0] fc*5* tWEXffi««2fcttXffl/l;^4 1 
£^LTX^flJR4 29KBHdtlT^. 
[0 0 5 1] c©i5ft*MHHMl:*^ £-f> 

r;us x^A^&$mK:«fc*&3!£# i As*a*B 3 
rt^-^sfrji^BKReu xs#a*i 7fc<tox 

3^5X10" r Torr g**T?X£#£rt~*. 
T^^tfXaBA* (S^itT) ICcfcOArtf 
X»AU 1 0" 2 Torr -S*i:bT*«**^$ii- 
S. CZL\Z, «7-j^*;V^5ttXffi*«3^6»»L& 

(Tie) <z>«fls*> ^Ftt*^»*$n*. mit 

o^littl A©«lfSttft:o«ttW:» Xl^ffttlO 

[0 0 5 2] fX/Vy^'J>^0X;V^6 

fcSOT, H3lc*-TJ:5ft:«ldJfcT»«fSn*. MP 
«I»«rfHOIii?L (tU7^X) 4 3aStt 
K 4 3 ft fciR|ftSnTXffi*« 3 (DM 3 a 

i:Mtf^nti^^n5o d©Tx#— ;n«4 3fct^ 
»»ft*4 4jca»$nT^-6. ^niCct 

;i/ H 4 3 mtlZlZ 10" s Torr ETFK:X££«fcnT*5 
X/ty^a^-ttli?L4 3 aSaUTK«»«ftH 0 
l:Xot<6. A^eiXAs/^StUBKLfc 

c, o, h, Also wii^ffsn, atBisttft* 

[0 0 5 3] 4aS»lA»t 
Xffl»»$nT> ^ae)l 0"'TorrSK©XX3Sfc«» 




(8) #Bl¥7-34 7 0 

sn&xasa 2* icy- b/vv?4 **lt*jw«i: 
vo o ^o<k3 i:»a$n&*astts i b its. ^ 
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